HAND-LAUNCHABLE UNDERWATER PROJECTILE TOY 

Related Application 
This application is a continuation of and claims priority to U.S. Patent 
Application Serial No. 09/434,839, which was filed on November 4, 1999, issued on 
5 March 2, 2004 as U.S. Patent No. 6,699,091, and the complete disclosure of which is 
hereby incorporated by reference for all purposes. 

Field of the Invention 
The present invention relates generally to toys for use in water, and more 
particularly to hydrodynamic toys that can be hand-launched to travel along selected 
10 underwater trajectories. 

Background 

Aerodynamic toys capable of being hand-launched through the air have been 
known for many years, and include balls, flying discs, boomerangs, toy gliders, etc. 
Aerodynamic toys typically are characterized by a combination of properties allowing a 

15 user to launch the toy into the air by hand so that the toy travels a substantial distance 
through the air along a trajectory selected by the user. Specifically, each of these toys has 
a size and shape that, in relation to the weight of the toy, enables an average user to apply 
a launching momentum sufficient to overcome, at least temporarily, the forces of gravity 
and wind-drag on the toy. Some aerodynamic toys are also configured to create lift when 

20 launched through the air to increase the distance the toys travel before descending to the 
ground. 
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While hand-launchable, aerodynamic toys are well-suited for use in air, they are 
not well-suited for use underwater, because water is a different medium than air. For 
example, objects traveling through water experience a significantly higher amount of 
drag than do objects traveling through air, because water has a much higher density than 
air. Similarly, objects experience a greater buoyancy in water than in air due to the 
higher specific gravity of water than air. For these reasons, toys intended for use 
underwater should employ hydrodynamic rather than aerodynamic values and thus, 
typically will have different combinations of size, shape, and weight, than those intended 
for use in air. 

In my existing U.S. Patent No. 5,514,023, the disclosure of which is hereby 
incorporated by reference, I disclosed a hand-launchable projectile toy that was 
hydrodynamically configured to travel substantial distances underwater. In addition to 
having an elongate, smoothly-contoured body, the toy included a plurality of stabilizing 
fins projecting radially from the tail section of the body. This toy is currently available 
from Swim Ways Corp., of Virginia Beach, Virginia, under the trademark TOYPEDO®. 
Another example of a hand-launchable underwater projectile toy with radially projecting 
fins is the "Poolaris" toy distributed by Tony U.S.A., Inc., of Encinitas, California. At 
least one version of the "Poolaris" toy includes five radially projecting fins which are 
slightly inclined relative to the long axis of the projectile. 

As disclosed in my prior patent, one embodiment of my earlier hydrodynamic 
projectile toy includes an elongate body with a generally cylindrical mid-section, and 
with generally rounded-conical nose and tail sections. The body of the projectile is sized 



to be comfortably gripped in a user's hand. The projectile is substantially neutrally- 
buoyant in most bodies of water, having a specific gravity of between approximately 0.90 
and approximately 1.1. A Tillable internal cavity enables a user to adjust the buoyancy by 
adding water to the cavity. The shape and surface preparation of the projectile body 

5 provide a drag coefficient of less than approximately 0.15. The combination of relatively 
high mass, adjustable buoyancy, and low hydrodynamic drag allow the projectile to be 
hand-launched to travel at high speed over large distances underwater. The radially 
projecting fiiis function to stabilize the projectile during underwater travel by providing 
righting-moments in the event the projectile undergoes yaw or pitch. 

10 While my earlier hand-launchable, underwater projectile toy enables a wide range 

of aquatic recreation activities, additional games, contests, and other play and/or skill 
activities would be possible with hand-launchable, underwater projectile toys of different 
configurations. 
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Summary of the Invention 

The invention provides a hand-launchable underwater projectile toy which gives a 
user increased options for aquatic games, contests, and other activities. In one 
embodiment, the toy includes a hydrodynamic body having a nose section, a tail section, 
and a mid-section extending therebetween. The mid-section is sized for grasping by a 
user's hand, such as in the notch formed by the user's thumb and index finger. A novel 
trajectory stabilizing structure extends from the body and is configured to impart a 
righting-moment to the body during underwater travel. The stabilizing structure includes 
one or more drag-producing surfaces extending in a non-radial direction with respect to 
the central axis. In another embodiment, the toy includes a stabilizing structure with at 
least one portion that is user-adjustable to impart a selected steering-moment to the body 
during underwater travel. 

In a further embodiment, the invention provides a self-orienting, hand-launchable 
underwater projectile toy. The body of the projectile includes a positively buoyant first 
portion, and a negatively buoyant second portion. When the toy is suspended in water, 
the first and second portions cooperate to urge the body into a selected orientation. 



Brief Description of the Drawings 
Fig. 1 is a side elevation view of a hand-launchable underwater projectile toy 
according to the present invention, showing the stabilizing structure in partial cut-away 
view. 

5 Fig. 2 is a rear elevation view of the underwater projectile toy of Fig. 1, showing 

how a portion of the stabilizing structure may be removed to adjust the drag coefficient 
and steering of the toy. 

Fig. 3 is a fragmentary top plan view of the underwater projectile toy of Fig. 1, 
showing how one or more portions of the stabilizing structure may be adjusted to change 
10 the drag coefficient and steering of the toy. 

Fig. 4 is a fragmentary side elevation of another embodiment of the present 
invention, with a portion of the stabilizing structure shown in partial cut-away. 

Fig. 5 is a rear elevation view of the underwater projectile toy of Fig. 4, showing 
how a portion of the stabilizing structure may be removed to adjust the drag coefficient 
15 and steering of the toy. 

Fig. 6 is a fragmentary side elevation of another embodiment of the present 
invention. 

Fig. 7 is a rear elevation view of the underwater projectile toy of Fig. 6. 
Fig. 8 is a fragmentary side elevation of another embodiment of the present 
20 invention. 

Fig. 9 is a rear elevation view of the underwater projectile toy of Fig. 8. 



Fig. 10 is a fragmentary side elevation of another embodiment of the present 
invention. 

Fig. 1 1 is a rear elevation view of the underwater projectile toy of Fig. 10. 
Fig. 12 is a fragmentary side elevation of another embodiment of the present 
5 invention. 

Fig. 13 is a rear elevation view of the underwater projectile toy of Fig. 12. 
Fig. 14 is a fragmentary side elevation of another embodiment of the present 
invention. 

Fig. 15 is a rear elevation view of the underwater projectile toy of Fig. 14. 
10 Fig. 16 is a fragmentary side elevation of another embodiment of the present 

invention. 

Fig. 17 is a rear elevation view of the underwater projectile toy of Fig. 16. 
Fig. 18 is a fragmentary side elevation of another embodiment of the present 
invention. 

15 Fig. 19 is a fragmentary side elevation of another embodiment of the present 

invention. 

Fig. 20 is a fragmentary side elevation of another embodiment of the present 
invention having a stabilizing structure with radially projecting fins, and showing how 
one or more of the fins may be removed or replaced by fins of different sizes and/or 
20 shapes. 
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Fig. 21 is a rear elevation view showing alternate embodiments of the underwater 
projectile toy of Fig. 20. In the embodiment to the lower-right of the fragmentation line, 
the removable/adjustable fins are attached to the body of the toy by pins which extend 
from the fins into the body. In the embodiment to the upper-left of the fragmentation 
5 line, the removable/adjustable fins are attached to the body of the toy by rails which 
extend from the fins and are received into channels in the body. 
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Detailed Description 

A hand-launchable underwater projectile toy constructed in accordance with an 
embodiment of the present invention is shown in Fig. 1 and indicated generally at 30. 
Toy 30 is configured and constructed with selected hydrodynamic properties so that a 
user may hand-launch the toy along selected underwater trajectories, through which the 
toy will travel substantial distances underwater. Toy 30 includes a body 32 having a nose 
section 34 3 a tail section 36, and a mid-section 38 extending therebetween. A directional 
trajectory-stabilizing structure 40, having one or more drag-producing surfaces, extends 
from body 32 and imparts a righting-moment to the body during underwater travel. 
Optionally, stabilizing structure 40 includes at least one portion that is user-adjustable to 
impart a selected steering-moment to the body during underwater travel, thus providing 
additional possibilities for underwater performance. 

It should be understood that while toy 30 is described herein as a hand-launchable 
toy, a user may also use other simple energy storage devices, such as rubber bands, 
surgical tubing or the like to launch the toy in a body of water. It should also be 
understood that while described as being an underwater toy that travels along an 
underwater trajectory, the path of the toy may include an initial aerial portion, such as 
when the toy is launched into a body of water by a user positioned at least partially out of 
the water. 

Toy 30 is constructed to be generally neutrally-buoyant when suspended in water. 
This enables the toy to travel relatively long distances underwater without surfacing or 
striking the bottom of the body of water. Typically, this is achieved with a specific 
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gravity in the range of approximately 0.7 and approximately 1.3, preferably in the range 
of approximately 0.8 and approximately 1.2, and more preferably in the range of 
approximately 0.9 and approximately 1.1. It is within the scope of the invention that toy 
30 may have a specific gravity outside of this range. For example, toy 30 may include 
5 one or more fillable internal cavities (not shown) to allow a user to adjust the buoyancy 
of the toy, such as shown in my prior patent. In any event, the neutral, or near neutral, 
buoyancy of toy 30 ensures that the toy has little tendency to either sink to the bottom or 
float to the surface. Thus, the toy may be launched over substantial distances underwater 
while maintaining the trajectory imparted by the user. Typically, toy 30 will have a 

10 center of gravity or buoyancy forward of its center of pressure, to increase the glide path 
of the toy in the body of water, thereby increasing the horizontal distance the toy travels. 

Alternatively, toy 30 may be constructed or adjusted to be positively buoyant to 
ensure the toy floats to the surface for easy retrieval. In this case, its center of buoyancy 
will preferably, but not necessarily, be forward of its center of pressure to maximize the 

15 distance of underwater travel before surfacing. As a further alternative, toy 30 may be 
constructed or adjusted to be negatively buoyant to cause the toy to sink to the bottom. 
For example, a positively buoyant versions of toy 30 may have a specific gravity in the 
range of approximately 0.95 and 0.7 or even 0.5, although it should be understood that 
the more positively buoyant the toy, the less horizontal distance it will travel when 

20 launched from underwater. On the other hand, a negatively buoyant version of toy 30 
may have a specific gravity in the range of approximately 1 .05 to 1 .5 or 2.0 or higher. 
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Those of skill in the art will appreciate that toy 30 may be constructed with 
various hydrodynamic shapes and configurations. In the exemplary embodiment of 
Fig. 1, toy 30 is depicted having a torpedo-like shape. Body 32, which is preferably, but 
not necessarily, at least substantially symmetrical about a longitudinal central axis A, has 
an elongate, smoothly contoured form adapted to glide easily through water. As shown, 
nose section 34 is gently arcuately tapered with a generally parabolic cross-sectional 
profile, and tail section 36 is arcuately tapered in a reverse direction to nose section 34, 
with a somewhat more narrow cross-sectional profile than nose section 34. Other 
selected profiles may be used and are within the scope of the invention. At least a portion 
of mid-section 38 is sized to allow a user to easily grasp the mid-section in his or her 
hand by extending the thumb and one or more fingers at least partially around the mid- 
section. This grasping position allows the user to launch the projectile toy similar to 
launching a spear. 

In Fig. 1, mid-section 38 has a generally circular cross-sectional configuration. 
However, it should be understood that other cross-sectional configurations may also be 
used. For example, the cross-section of mid-section 38 may be triangular, rectilinear, 
polygonal, oval, elliptical, or any other suitable shape. In addition, the outer surface of 
body 32 may be smooth, or may alternatively include topographic features such as 
ribbing, grooves, projections, protrusions, etc. Such features may be uniformly 
distributed over the surface of body 32, or may be arranged in a non-uniform pattern or 
distribution. As one example, toy 30 may include ribbing or grooves extending generally 
spirally around body 32. 
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While body 32 may be constructed to different sizes and proportions, the 
dimensions taught in my prior patent are typical. In summary, body 32 has a length of 
approximately 16-inches and a maximum diameter of approximately 2.7 inches, for a 
length-to-width ratio of approximately 5.9:1. It has been found that a body having these 
proportions and with a specific gravity of approximately 1.0 provides a substantially 
hydrodynamic profile when launched into a trajectory generally along the longitudinal 
axis. Alternatively, other lengths, widths, and/or length-to-width ratios may be used. 

It will be appreciated that toy 30 may be constructed from a wide variety of water- 
compatible materials. As taught in my earlier patent, one suitable material is low- 
durometer polyurethane. In addition to having the desired hydrodynamic properties, this 
material is also relatively soft, thereby providing a toy that is both safe and fun for use by 
children. Other examples of suitable materials include silicone rubber, natural and 
synthetic rubbers and various plastics and polymers, although it is within the scope of the 
invention that any other suitable material for underwater children's toys may be used. 

In use, toy 30 is launched by aligning longitudinal central axis A generally along 
the trajectory selected by the user, with nose section 34 positioned forward of tail section 
36. Using the desired amount of force, the user then propels and releases the toy along 
the trajectory. As the toy travels through the water in a trajectory generally along 
longitudinal central axis A, a minimum amount of drag is experienced by body 32 due to 
its hydrodynamic configuration. To maintain this orientation of body 32 relative to its 
travel direction, trajectory stabilizing structure 40 produces righting-moments to the body 
in the event the body undergoes yaw or pitch during underwater travel. 

n 



As will be described in more detail below, stabilizing structure 40 may be 
embodied in a variety of configurations. In the embodiment depicted in Figs. 1-3, 
stabilizing structure 40 is in the shape of a ring foil 42. Ring foil 42 has a generally 
annular exterior shape with a diameter somewhat larger than the maximum diameter of 
body 32. However, ring foil structures of other sizes are also within the scope of the 
invention. Ring foil 42 is generally symmetrical about central longitudinal axis A and 
includes opposing flow-through wing members 44. Flow-through wing members 44 
include arcuate sections 46 connected, at either end, to crossbars 48. Arcuate sections 46 
and crossbars 48 form hollow water flow channels 50 which allow water to flow through 
the stabilizing structure during underwater travel. Arcuately shaped side members 52 are 
spaced-apart and extend between opposing ends of the flow-through wing members to 
form the annular exterior surface of ring foil 42. Thus, water is also able to flow through 
the ring foil between side members 52. Ring foil 42 is connected to body 32 by wing 
mounts 54, which extend between the body and crossbars 48. 

Arcuate sections 46, crossbars 48, and side members 52 include drag-producing 
surfaces 56. In contrast to the radially projecting fins of the toys described above, drag- 
producing surfaces 56 of ring foil 42 extend in a non-radial direction from central axis A. 
These drag-producing surfaces provide directional stability to toy 30 by creating strong 
righting-moments generally normal to the surfaces during underwater travel. The 
righting-moments sustain the longitudinal axis of the toy substantially in alignment with 
the trajectory of the toy. Optionally, one or more of arcuate sections 46, crossbars 48, 
and side members 52 may be formed with tapered or curved wing-foil surfaces to 
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produce hydrodynamic lift during underwater travel. In any event, ring foil stabilizer 42 
is configured to allow water to flow relatively smoothly past toy 30 while maintaining the 
toy in its hydrodynamic orientation. 

As described above, the ring foil is generally symmetrical about, or with respect 
to, central axis A. As a result, the ring foil tends to sustain the underwater flight of the 
toy in a substantially straight-line trajectory. Furthermore, the trajectory of the toy is 
independent of the rotational position of the toy in the user's hand during launch. 
However, in an alternate embodiment, at least a portion of ring foil 42 is user-adjustable 
to alter the hydrodynamic performance of toy 30 and impart a steering-moment to the 
body during underwater travel. This feature allows a user to change the trajectory of the 
toy to a selected non-linear path determined by the altered configuration of the ring foil 
and the rotational position of the toy in the user's hand during launch. 

It will be appreciated that there are numerous ways to construct ring foil 42 to 
allow the user to modify the hydrodynamic performance of the toy. In the embodiment 
depicted in Figs. 1-3, side members 52 are movably coupled to flow-through wing 
members 44, enabling the user to adjust one or both side members to provide the desired 
steering-moment. Specifically, each side member includes protruding pins 58 configured 
to engage corresponding sockets 60 on the lateral ends of the flow-through wing 
members. In the depicted embodiment, pins 58 are located generally centrally along the 
edges of the side members. However, it will be appreciated that pins 58 and sockets 60 
may also be located fore or aft of their depicted locations. Furthermore, the pins may 
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alternatively extend from the flow-through wing members to engage sockets in the side 
members. 

To adjust the trajectory of the toy, a user may remove one of the side members, as 
shown in Fig. 2. With one side member removed, the ring foil is asymmetric about the 
central axis, and produces asymmetric drag forces on the body. As a result, the trajectory 
of the toy tends to curve toward the remaining side member. Thus, the user can steer the 
toy by adjusting the rotational position of the toy at launch. For example, to steer the toy 
to the right, the user holds the toy with the remaining side member on the right. 

As shown in Fig. 3, the user may also change the trajectory of the toy by pivoting 
one or both side members about the pin-and-socket coupling. Thus, the side members act 
as rudders to steer the toy in the desired direction. The steering-moment produced will be 
generally proportional to the pivot angle. Thus, the user can increase the curve of the 
trajectory by increasing the angle by which the side members are pivoted. Alternatively, 
one side member may be removed and the remaining side member pivoted to provide 
additional steering possibilities. 

While side members 52 have been described above as being coupled to flow- 
through wing members 44 with pin-and-socket couplings, it will be appreciated that 
numerous other couplings are also possible and within the scope of the invention. For 
example, the side members may be integrally formed with the flow-through wing 
members in the embodiment in which the ring foil is not adjustable. As another example, 
the side members may be coupled to the flow-through wing members with rail and 
channel couplings as will be described in further detail below. Thus, it will be 
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understood that while one exemplary embodiment of a ring foil has been depicted and 
described, the invention is not limited to any particular ring foil design. 

In addition to the ring foil stabilizing structure shown in Figs. 1-3, toy 30 may 
alternatively employ a stabilizing structure having other forms as well. One such 
alternative stabilizing structure, referred to herein as a "box foil" 62, is shown in Figs. 4 
and 5. Box foil 62 includes a pair of spaced- apart, substantially parallel wing members 
64 coupled to body 32 through wing mounts 66. A pair of side members 68, disposed on 
opposite sides of tail section 36, extend between the wing members. 

Side members 68 may be integrally formed with wing members 64, or they may 
be movably coupled to the wing members to allow the user to adjust the hydrodynamic 
performance of the toy. In the depicted embodiment, side members 68 include pins 70 
configured to engage sockets 72 in wing members 64. Similar to the ring foil 
embodiment described above, this pin-and-socket coupling allows one or both of the side 
members to be removed or pivoted to produce a steering-moment during underwater 
travel. Thus, by adjusting the side members and rotationally positioning the toy during 
launch, the user can steer the toy along a selected non-linear trajectory. 

It will be appreciated that box foil 62 may be configured in various sizes as 
desired. Larger sized box foils generally will have larger drag-producing surfaces 73, 
and thus create larger righting-moments. As can best be seen in Fig. 5, wing members 64 
of the exemplary embodiment are larger than side members 68. As a result, the righting 
moment produced along an axis perpendicular to the wing members typically will be 
larger than the righting moment produced along an axis perpendicular to the side 
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members. Alternatively, the side members may be equal to, or larger than, the wing 
members, thereby producing equal or larger righting-moments, respectively. 
Furthermore, as discussed above, the righting-moments produced by the side members 
will depend on the user-selected position of the side members as well as their size. Thus, 
the user has control of the trajectory of the toy regardless of the sizes of the wing 
members and side members. 

Figs. 6 and 7 illustrate a further alternative embodiment of stabilizing structure 40. 
Similar to the box foil described above, the "bi-wing" embodiment depicted in Figs. 6 
and 7 includes a pair of spaced-apart, substantially parallel wing members 74 mounted 
onto body 32. Hydrodynamically shaped tail fins 76 are attached to, and run along, each 
of the ends of the wing members. As shown, fins 76 have a generally pointed, or arrow- 
shaped configuration, but it should be understood that any other suitable shape may be 
used, such as fins 76 that are more round or rectilinear than those shown in Figs. 6 and 7. 
The drag-producing surfaces 73 of the wing members extend perpendicularly to the 
surfaces 77 of the tail fins and function to produce righting-moments generally transverse 
to the righting-moments produced by the tail fins. Optionally, tail fins 76 may be 
pivotally connected to wing members 74 to allow the user to adjust the angle of one or 
more of the tail fins relative to the corresponding wing member. 

A further embodiment of stabilizing structure 40 is shown in Figs. 8 and 9. In this 
embodiment, stabilizing structure 40 includes a pair of supports 78 extending from 
opposite sides of body 32. Attached to the end of each support is a fin 80, which extends 
generally perpendicular to the support. Fins 80 may be pivotally mounted on supports 78 
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to allow the user to adjust the angular position of one or both fins relative to the supports. 
Although shown as being generally arrow-shaped, fins 80 alternatively may be formed in 
any desired shape, such as round or rectilinear. It will be appreciated that the magnitudes 
of the righting-moments created by the drag-producing surfaces 81 of the fins will 
5 depend upon the size of the fins. In addition, supports 78 may also produce righting- 
moments depending on their sizes. Therefore, while stabilizing structure 40 is depicted 
in Figs. 8 and 9 as having relatively large fins and relatively small supports, alternative 
stabilizing structures having relatively small fins and/or relatively large supports will also 
be within the scope of the invention. 

10 Figs. 10 and 1 1 depict a further exemplary embodiment of the invention in which 

stabilizing structure 40 is formed with a polygonal fin configuration. In this embodiment, 
stabilizing structure 40 includes eight fins 82 with drag-producing surfaces 83 arranged in 
a substantially octagonal cylinder. Fins 82 are connected to body 32 by supports 84 
which extend outward from tail section 36 to join adjacent fins. Stabilizing structure 40 

15 also includes water flow channels 86 which allow water to flow through the stabilizing 
structure during underwater travel. Optionally, one or more of fins 82 may be adjustable 
and/or removable to allow a user to control the trajectory of toy 30. While this particular 
embodiment is described and depicted as having eight fins to form an octagonal shape, it 
will be appreciated that stabilizing structure 40 may be constructed using any number of 

20 fins to form triangles, squares, pentagons, hexagons, and any other selected polygonal 
configuration. 



In a further embodiment, illustrated in Figs. 12 and 13, stabilizing structure 40 
includes a plurality of multi-barrel stabilizer tubes 88. Each tube is coupled to body 32 
by a support 90, and includes one or more hollow, cylindrical barrels 92, through which 
water may flow. The drag-producing surfaces 94 of tubes 88 produce righting-moments 
during underwater travel, while hollow barrels 92 ensure that the stabilizing structure 
does not create excessive drag along the trajectory of the toy. 

It will be appreciated that the embodiment of stabilizing structure 40 depicted in 
Figs. 12 and 13 may be adjustable to enable the user to change the hydrodynamic 
performance of the toy. For example, the user may cover one or more of the tubes to 
increase the drag produced by surfaces 94, thereby altering the trajectory of the toy. 
Additionally, one or more of the tubes may be removably or pivotally mounted on the 
supports. Further, one or more of the tubes may be slidably mounted on the supports, 
such as by a rail and channel coupling, to enable the user to adjust the fore-aft position of 
the tube relative to body 32. 

Figs. 14 and 15 illustrate another embodiment in which stabilizing structure 40 is 
in the shape of a cone 96 extending outward from tail section 36. The drag-producing 
surface 98 of cone 96 creates strong righting-moments to correct the trajectory of toy 30 
against pitch and yaw during underwater travel. Cone 96 may be integrally formed with 
body 32, or it may be formed in one or more sections that are removably coupled to the 
body. In the latter case, the sections may be coupled to body 32 by pins 100 which are 
received into tail section 36, or by alternative means of attachment. It will be appreciated 
that while cone 96 is depicted as being formed of two semi-conical sections, the cone 
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may alternatively be formed of more than two sections as desired. In any event, the user 
may adjust the trajectory of toy 30 by removing one or more of the sections to change the 
hydrodynamic properties of the toy. 

An additional aspect of cone stabilizing structure 96 is its radial symmetry. As 
can be seen from Figs. 14 and 15, the drag-producing surface of cone 96 is at least 
substantially symmetrical about central axis A. The hydrodynamic performance of toy 
30 is thus independent of its rotational orientation about the central axis, and the 
magnitude of the righting-moments produced will be uniform in all radial directions. 

Figs. 16 and 17 illustrate a further embodiment of the invention, in which 
stabilizing structure 40 is in the form of a disk 102. In the depicted embodiment, disk 
102 has a hollow center configured to removably receive tail section 36. It will be 
appreciated, however, that disk 102 may be attached to body 32 by other means as well. 
For example, disk 102 may be integrally formed with body 32. In any event, the disk 
includes drag-producing surfaces 104 configured to provide directional stability to toy 30 
during underwater travel. Similar to cone 96, disk 102 is at least substantially 
symmetrical about central axis A. While disk 102 is depicted as having a diameter less 
than the maximum diameter of body 32, it will be appreciated that the disk may 
alternatively be constructed with a diameter equal to, or larger than, the maximum 
diameter of the body. 

As mentioned above, disk 102 may be removable from body 32 to allow the user 
to change the hydrodynamic performance of the toy. In addition, the user may replace 
disk 102 with one or more disks (not shown) that are larger or smaller, or have non- 
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circular shapes. Furthermore, some embodiments of disks 102 may include one or more 
notches 103 and/or projections 105, to allow the user to adjust the steering of toy 30. 

A further embodiment is illustrated in Fig. 18. In this embodiment, stabilizing 
structure 40 is in the form of a parachute 106 connected to tail section 36 by a tether 108. 
5 As indicated by the broken lines, tether 108 may be constructed in any desired length, 
and may optionally include one or more removable sections (not shown) to allow a user 
to adjust the length of the tether. Furthermore, while tether 108 is depicted in the form of 
a single chain, it will be understood that the tether may alternatively include one or more 
of a variety of tether means, such as chain, rope, wire, string, etc. It should be further 

10 understood that other drag-inducing structures of any selected shape and size may be 
attached to tether 108 distal body 32. 

In the depicted embodiment, tether 108 is attached to the rearmost portion of tail 
section 36. This configuration of stabilizing structure 40 is at least substantially 
symmetrical about central axis A, and tends to ensure that toy 30 maintains a straight-line 

15 trajectory during underwater travel. Alternatively, tether 108 may be adjustable to allow 
the user to attach the tether at other locations on body 32. For example, body 32 may 
include a plurality of distributed attachment means, such as hooks, to which tether 108 
may be attached. This embodiment enables a user to adjust the hydrodynamic 
performance of the toy, and thereby produce steering moments to control the trajectory of 

20 the toy. 

Those of skill in the art will appreciate that both parachute 106 and tether 108 
function to impart righting-moments to body 32 during underwater travel. However, in 
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another alternative embodiment, parachute 106 may be omitted or selectively removable 
so that only tether 108 provides directional stability to the toy. Conversely, tether 108 
may be omitted and parachute 106 may be attached directly to body 32. In this 
alternative embodiment, directional stability is provided only by the parachute. 
Parachute 106 and/or tether 108 may be used alone or in combination with any of the 
other stabilizing structures disclosed herein. 

Fig. 19 illustrates another embodiment, in which stabilizing structure 40 forms a 
bowl-shaped, concave deflector 1 10 as viewed along central axis A from fore to aft. The 
concave drag-producing surface of deflector 110 produces strong righting-moments 
during underwater travel to provide directional stability to toy 30. As with cone 96 and 
disk 102, deflector 110 is substantially symmetrical about central axis A. Therefore, the 
trajectory of toy 30 will be independent of its rotational orientation about axis A. Of 
course, as with any of the other symmetrical structures disclosed herein, nonsymmetrical 
versions of these structures may be used, such as to produce a steering moment to the toy. 

Figs. 20 and 21 illustrate a further alternative embodiment in which stabilizing 
structure 40 includes a plurality of radially projecting fins 112. In contrast to the radially 
projecting fins of the TOYPEDO® and "Poolaris" toys, fins 1 12 are configured to allow a 
user to control the trajectory of toy 30. In one embodiment, at least one fin has size or 
shape which is different than the remaining fins, thereby providing a different drag- 
producing surface. A user may then control the trajectory of the toy by adjusting the 
rotational orientation of the toy at launch. 
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Alternatively, one or more of fins 1 12 may be user-adjustable to enable a user to 
change the hydrodynamic performance of toy 30. Specifically, one or more of fins 112 
are removably or adjustably coupled to body 30. Thus, a user may remove one or more 
fins to change the trajectory of toy 30. Alternatively, a user may remove one or more fins 
and install optional fins having different shapes, sizes, or other hydrodynamic properties. 
For example, fins may be shaped or oriented to impart a rotational, or spinning, moment 
to the toy about its axis A. Alternatively, one or more of fins 112 may be pivotally 
coupled to body 32 to enable a user to change the angular orientation of the fin relative to 
the body. In any event, the user-adjusted fin configuration creates a non-symmetrical 
stabilizing structure that imparts a steering-moment to the toy during underwater travel. 

It will be appreciated by those of skill in the art that fins 1 12 may be removably 
and/or adjustably coupled to body 32 by any of a variety of mechanisms. For example, as 
can best be seen in Fig. 20, the fins may include pins 1 14 protruding from an edge of the 
fins to engage corresponding sockets 116 in body 32. Alternatively, the pins may 
protrude from the body to engage sockets in the fins. Fig. 21 shows a further example in 
which fins 112 have rails 118 along an edge to engage corresponding channels 120 in 
body 32. In addition to completely removing a fin, the rail and channel coupling allows a 
user to slide the fin along the surface of the body, thereby adjusting the fore-aft position 
of the fin relative to the body. 

In other embodiments, body 32 includes one or more couplers for receiving 
complimentary couplers on the stabilizing structures depicted in Figs. 1-19. For example, 
the stabilizing structures may be attached to the body by pin and socket couplings, rail 
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and channel couplings, or any other suitable mounting structure. These embodiments 
allow a user to select from among several interchangeable stabilizing structures 
depending on the application. Additionally, the rail and channel coupling allows the user 
to slidably reposition the stabilizing structure relative to the body. 

Toy 30 has been described above as being generally uniformly neutrally-buoyant 
when suspended in water. This ensures that the trajectory and orientation of toy 30 
generally is not affected by the liquid medium. However, turning attention back to 
Fig. 1, an alternative embodiment of toy 30 includes a positively buoyant first portion 
122 and/or a negatively buoyant second portion 124. While positively buoyant first 
portion 122 is depicted generally adjacent nose section 34, and negatively buoyant 
second portion is depicted generally adjacent tail section 36, it will be appreciated that 
portions 122 and 124 may be positioned as necessary to achieve the desired 
hydrodynamic performance. Furthermore, while portions 122 and 124 are illustrated 
schematically, it will be appreciated that they may be formed in any desired shape. 

The placement of first portion 122 forward of second portion 124 will cause toy 30 
to self-orient to a generally vertical position in which nose section 34 is above tail section 
36. Conversely, placing first portion 122 aft of second portion 124 will cause toy 30 to 
self-orient to a generally vertical position in which the nose section is below the tail 
section. Moreover, the relative buoyancies of first portion 122 and second portion 124 
will also affect the performance of toy 30. For example, if the positive buoyancy of first 
portion 122 is greater than the negative buoyancy of second portion 124, then the overall 
buoyancy of toy 30 may be positive, causing the toy to float to the surface. Conversely, 

23 



if the positive buoyancy of first portion 122 is less than the negative buoyancy of second 
portion 124, then the overall buoyancy of toy 30 may be negative, causing the toy to sink. 
In one alternative embodiment, the buoyancies of first portion 122 and/or second portion 
124 are adjustable (e.g., by fillable internal cavities) to enable a user to change the 
performance of the toy. To achieve the varying buoyancies, toy 30 may be constructed 
using any of a wide variety of suitable materials, including positively-buoyant closed-cell 
foam, negatively-buoyant rubber, etc. Additionally, materials which are normally 
positively-buoyant may be given negative buoyancy by adding a weighted material such 
as lead shot, sand or other dense material. Materials which are normally negatively- 
buoyant may be given positive buoyancy by forming air pockets, etc., in the material. 

It will be appreciated that any of the embodiments of toy 30 described above and 
depicted in Figs. 1-21 may be constructed to include positively buoyant first portion 122 
and negatively buoyant second portion 124. The self-orienting feature thus offers play 
options in addition to those provided by the various stabilizing structures. For example, 
where the overall buoyancy of toy 30 is negative, users may launch the toy along a 
selected underwater trajectory, and then dive to retrieve the toy from the bottom of the 
body of water. Furthermore, by selected positioning of the positively and negatively 
buoyant portions of the toy to provide a non-uniform buoyancy throughout the toy, the 
toy will be biased to achieve a selected orientation at the bottom of the body of water. To 
prevent injury due to a collision between the toy and a user, the toy may be constructed of 
materials that are generally flexible, collapsible, deformable, and/or resilient. 



24 



Additionally or alternatively, toy 30 may be constructed to be collapsible or deformable 
upon collision. 

While the invention has been disclosed in its preferred form, the specific 
embodiments thereof as disclosed and illustrated herein are not to be considered in a 
limiting sense as numerous variations are possible. Applicant regards the subject matter 
of the invention to include all novel and non-obvious combinations and subcombinations 
of the various elements, features, functions and/or properties disclosed herein. No single 
feature, function, element or property of the disclosed embodiments is essential to all 
embodiments. The following claims define certain combinations and subcombinations 
which are regarded as novel and non-obvious. Other combinations and subcombinations 
of features, functions, elements and/or properties may be claimed through amendment of 
the present claims or presentation of new claims in this or a related application. Such 
claims, whether they are different, broader, narrower or equal in scope to the original 
claims, are also regarded as included within the subject matter of applicant's invention. 



25 



